that it could rarely be eradicated. Indeed, this phobic state, which is what these aircrew had developed, used to be regarded by psychiatrists as having a particularly bad prognosis; and yet it was clear that it did occasionally clear up.
One of the first patients I was concerned with was a very experienced wartime pilot who had become a test pilot. One day he was orbiting his airfield in cloud, waiting for his turn to landa manceuvre he had done hundreds oftimes without concern. Suddenly he felt uncertain about his attitude and position in space and could not deduce this from his instruments. The dilemma was resolved by emergency radar aid but he never regained his confidence in flying in cloud and eventually he became so tense in the air that he failed his annual airmanship examination and was grounded. After three years on the ground his symptoms cleared spontaneously and he returned to limited flying. This experience showed me that these phobic reactions to flying were not incurable. In 1958, Wolpe wrote of his experience of treating phobic states successfully in his psychiatric patients by reciprocal inhibition, and it is from these beginnings that behaviour therapy developed. The basis of this treatment is to teach the phobic patient to relax and to remain relaxed in the presence of gradually increasing exposures to the stimulus which caused his phobic fear. Thus for a patient with a phobic fear of spiders the increasing exposure would be: the mental picture of a spider, a photograph of a spider, a dead spider, a small live harmless spider, &c.
Such a technique of training a patient to cope with each step in a hierarchical list of anxietyproducing situations before proceeding to the next is so reminiscent of what we normally do in flying training that I thought this treatment should help our experienced aircrew who had developed phobic reactions to flying.
In January 1963 Professor M G Gelder was on the staff of the Maudsley Hospital, and, as the chief exponent of behaviour therapy in this country at that time, he agreed with me that this therapy should be of help to my patients. The first Royal Air Force pilot suffering from a phobic reaction to flying was admitted to his unit in February 1963, where a hierarchical list of the patient's fears was drawn up. He was trained to relax and to remain relaxed while he visualized in imagination the progression of anxiety-provoking situations. When the patient had mastered this technique he left the hospital and the next step was to work through the hierarchical list in reality on a flying station.
In the Royal Air Force a small but very expert group of doctors are trained to fly. It was my good fortune that one of this group, Wing Commander A B Goorney, had been a post-graduate student at the Maudsley Hospital prior to joining the Neuropsychiatric Centre in 1964. With his deep interest in flying and in psychiatry he adapted and developed the techniques of behaviour therapy in the air and later transferred the initial treatment of these patients from the Maudsley Hospital to the Royal Air Force Neuropsychiatric Centre. Wing Commander Goorney left the Royal Air Force Medical Branch two years ago and we decided that this was a good time to evaluate the treatment to see if the results justified us in continuing a time-consuming and expensive form of therapy.
Dr R C B Aitken of Edinburgh University, who had worked at the Institute of Aviation Medicine at Farnborough and with me at the Neuropsychiatric Centre, kindly offered to help. He describes (p 882) the elaborate and sophisticated methodology he has used to evaluate the treatment. On the flying side, Squadron Leader J A Lister, doctor and pilot, has done prodigious work to give our patients the requisite dual flying and then to assess their solo performance. Without their assistance and the continued interest and help of our Director General and the Directorate of Research, this very complicated form of treatment would still bejust an interesting theory and we would have continued to lose six highly trained aircrew each year at an annual cost to the country of one and a half million pounds. In time of war, there was special incentive to review neurotic symptomatology in military aircrew; the incidence was high, particularly in bomber crews and it correlated positively with casualty rates. The presence of fear was considered to be the most potent etiological factor (Williams 1947 , Anderson 1948 .
As there has been much research in recent years on morbid anxiety and on its treatment (see Marks 1969), it seemed pertinent to reconsider the phenomenology of flying phobia. By this term is meant uncontrollable psychological or physiological symptoms due to anxiety in routine flight which have led to avoidance of flying.
The cohort under study comprised 14 patients with flying phobia whose occupation involved operational flying (i.e. trained aircrew). They had been referred to Air Commodore O'Connor and were motivated sufficiently to accept treatment. They knew that this necessitated inpatient psychiatric admission in Edinburgh with rehabilitation flying afterwards; and that this would require detachment from home for about three months.
Age and experience: These were bimodally distributed. The ages ranged from 20 to 39 years, nine were 25 or less, only one was between 25 and 34 and four were over 35. Air experience was distributed similarly, ranging from 500 to 5,500 hours and from 2 to 18 years in the flying role.
At the onset of symptoms, the 14 patients had been flying in a variety of aircraft. Two were helicopter pilots, four piloted fixed-wing aircraft with crew, and five piloted single-seat aircraft. In addition, there were two navigators and one steward.
Symptoms: The symptoms experienced included most psychic, somatic and psychosocial manifestations of anxiety. All the patients acknowledged that their symptoms were attributable to anxiety in flight. The next most frequently occurring symptom was depressed mood, often with tearfulness (11 patients). Nine patients complained of irritability, as evidenced by quarrelling or in criticism of the service. Seven patients noted a falling-off in work performance concurrent with the onset of their symptoms. Perhaps surprisingly, other patients emphasized that they performed in-flight tasks satisfactorily until the time of grounding.
A variety of somatic symptoms attributable to anxiety were reported: tenseness, muscle tremor and/or twitching, sweating, headache, dizziness, faintness, palpitations, hyperventilation, nausea and/or vomiting, anorexia, insomnia, disturbed dreams, fatigue and reduced libido including impotence. Spatial disorientation had been common, and a detached feeling at high altitude was also reported. Once noted, some of the symptoms were in themselves generative of further anxiety: pilots feared fainting while at the controls or vomiting while required to wear an oxygen mask. One patient had been vomiting each morning for several months. In some cases the somatic complaints had led to extensive physical investigations, even including lumbar puncture to exclude encephalitis. A few of the patients had resorted to increased use of alcohol or mild 'acting out' behaviour. Six patients developed symptoms elsewhere with avoidance behaviour, e.g. in crowded shops, dining in public, or travelling by rail or road.
The duration of the symptoms ranged from two months to fifteen years with the median at eight months. Some patients had been offered treatment but elected to 'lick it on [their] own'. This seemed a prelude to a worsening and spread of symptoms in one fighter pilot, who later had a dramatic panic attack on board a transport aircraft in full view of his colleagues, which brought further drastic reduction in his self-esteem.
Precipitants and associated phenomena: It is difficult or even impossible in some cases to separate the circumstances at the onset of the phobia into possible precipitant or contributory causes. Nevertheless, in 7 patients there had been distinct traumatic episodes in flight, ranging from hypoxia or cockpit contamination to catastrophic emergencies with loss of life and aircraft. In other cases the phobia had its onset in relation to a flying condition where visual cues were reduced, such as flying over an escarpment, in cloud or at night.
A striking feature in many cases was the similarity of social precipitants. Eleven of the 14 patients had sexual or marital problems. In only 4 of these did the difficulty appear after the onset of flying phobia. In some cases there was concern about infertility; in other cases the threat was of increased 'domesticity' due to changed living arrangements. Threatened marital disruption seemed a precipitant in 3 patients.
Seven patients had the onset of their symptoms while at an overseas posting. This association may or may not be relevant, as the cause was not an obvious one. Certainly tropical weather conditions could have been more stressful in flight, but all these patients emphasized worry in areas other than flying (see Aitken 1969) . As might be expected there was a number of apparent childhood determinants of the adult symptomatology. Apart from the family history of phobia with over-protectiveness by the mother, the fathers were often described as 'stern' or 'a sergeantmajor'. There seemed an over-representation of childhood bereavement (key family member -6 patients). Earlier traumatic episodes in relation to aerial warfare were reported in 5 patients. An admired older brother of one patient had been killed as a pilot in Korea, and the brother of another had been killed by a flying bomb in London. Another reported that his father had been injured by a flying bomb, the patient having found him in the rubble. Yet another's father had been killed as a pilot in World War II at the is patient's current age and rank, the patient having repeatedly postponed promotion examinations.
Personality: This sample did not seem strikingly different from healthy aircrew; obsessional personality traits predominated but only 4 patients were thought to have a high degree of obsessionalism, e.g. wearing two watches even while in hospital, inability to use field toilets for fear of contamination, or being incapable of making quickly a routine social decision. Five of the patients had been flying instructors, perhaps an indication of their conscientious qualities. By contrast 3 patients revealed sociopathic traits, with seriously irresponsible behaviour in one.
Six patients reported other mild phobias in adulthood and 5 gave histories of childhood phobias, e.g. of dogs or the dark. However, they may not have been pathological, as seldom had there been avoidance behaviour. Only 2 patients had phobic spouses but 5 described phobias in other first degree relatives (4 had phobic mothers).
Illustrative Histories
Case 1
A 27-year-old navigator with 2,000 flying hours developed anxiety while flying operationally in the Far East. The anxiety was only in relation to high altitude and he coped by navigating his captains along low level routes between mountain ranges, i.e. objectively more hazardous routes. He completed his tour and the anxiety gradually diminished. On return to the UK and transfer to an aircraft with higher performance, he soon relapsed with a spread of symptoms to the extent of being incapacitated from flying and from any situation of height, such as in a multistorey carpark.
This patient had a warm, shy and timid mother. His father had been a Chindit in Burma, having been invalided with backache, which caused continuing disability. He was closest to his maternal grandfather, who died at the end of the war. His boyhood was characterized by daring but delinquent escapades, e.g. shooting out street lights and driving at speed while unqualified. On leaving school he became a trainee railway engineer, but left because he found it boring. He enjoyed the bachelor life in the mess.
He married while on the Far East tour, portraying himself as being ensnared. His symptoms started with his courtship; they recurred immediately on moving his wife to live near the flying station for the first time, when also she had become keen to conceive.
He seemed disinterested in treatment, but completed an ideational desensitization hierarchy, only to experience anxiety when again flying. Although this diminished sufficiently for him to return to his own squadron, anxiety soon reappeared and he requested invaliding from the service.
Case 5
A 36-year-old married qualified flying instructor, with 5,500 hours experience, first developed symptoms in the air while instructing in the UK. His pupil was performing a climbing turn at 12,000 ft, when neither of them was using oxygen. When looking over his shoulder the patient experienced transient apprehension with predominantly visceral sensations and a wish to descend. He remained worried and later sought medical advice; chlordiazepoxide was prescribed and he was reassured. A rapid return of confidence allowed him to continue with full flying duties and he remained symptom-free for several months. He then volunteered for service in the Malaysian Air Force; his symptoms returned there when instructing a pupil maintaining a holding pattern at 4,000 ft. Although experiencing panic, he finished the sortie without error. Fear of flying, particularly at height, continued despite the administration of tranquillizers and further reassurance. As the anxiety spread and could be precipitated merely by viewing aerial photographs, he was repatriated for assessment.
He had been brought up by rigid and punitive parents, who instilled a 'strict sense of right and wrong'. During wartime evacuation, he had been separated from his parents and siblings and fostered by numerous disinterested families until finally a kindly but obsessional foster-mother made his life both happy and orderly: 'she prepared me for the service. . .' During this time his brother was killed in the bombing of London. Joining the RAF at 17 years he had a very successful and happy family life and flying career until the onset of his illness. It appears that initially minimal hypoxia and disorientation produced in this perfectionist pilot unacceptable somatic sensations. Later, the stress of living in an alien culture led to recurrence of symptoms which spread, worsened and became established during repeated exposure to the phobic situation.
He responded straightforwardly to ideational and practical desensitization therapy and returned to the Far East. During the subsequent year there he has tolerated both hazardous flying situations and inconvenient living conditions without difficulty.
Psychometric Tests
The mean results are shown in Table 1 , together with results reported from samples of healthy population. There is a striking lack ofabnormality, though this was not conclusive as the controls ought to have been taken from the same cultural background. However, the mean lie score of the Eysenck Personality Inventory was raised and the mean direction of hostility score of the Foulds' Hostility Questionnaire indicated that the phobic aircrew were more extrapunitive than normals. This contrasts with the intrapunitive direction obtained from most groups of psychiatric patients.
Psychophysiological Examination
Resting forearm blood flow (Kelly 1967 ) and degree of psychogalvanic reflex (PGR) habituation to a repeated tone stimulus (Lader & Wing 1966) were measured. The results are shown in Table 2 contrasted with those obtained by others from patients with non-flying specific phobias and normal subjects. The large standard deviation in forearm blood flow was mainly due to one patient, whose result was 6'5 ml/100 ml arm/min; he was the only one to be clinically anxious at the time of testing. Excluding this patient, the mean forearm blood flow was 2-0 ml/100 ml arm/min, which is below that obtained from normal subjects by Kelly & Walter (1969) .
These results are in agreement with Lader (1967) , who reported that patients with specific phobias could not be discriminated from normal subjects on a selection of skin resistance tests; and with Kelly & Walter (1969) , who reported normal forearm blood flow from phobic states.
Discussion
Patients with flying phobia differ from those with most other phobias in that their livelihood is completely in jeopardy immediately. Their symptoms have arisen in a situation in which closeness to danger is a reality; and the safety of their lives can be directly in their own control. As this risk is present in virtually all flying, anxiety is to be expected when that risk is high. It can only be considered neurotic when previously it was absent and is not present in healthy colleagues.
Anxiety is associated with both physiological and psychological changes. It is illogical to consider such patients in separate diagnoses characterized by the predominant symptomatology. As cultural factors are known to influence presenting complaints, such a distinction must have poor reliability. 'The psychological diseases of World War I became physiological diseases in World War II. The soldier who had hysterical paralysis in World War I, vomited in World War II' (see Anderson 1948) .
In flying there is a strikingly close relationship between many psychological and physiological functions. Some determine both the affective and cognitive states, and are themselves manifestations of disturbed homeostasis. One can list series of contingencies, none of which can be considered in isolation from the others. (1) Aircraft altitude, hypoxia, 'g' tolerance, impaired consciousness, faintness, headache, hyperventilation, hypocapnia, muscle tenseness or dissociation. (2) Aircraft angular rotation, vestibular function, spatial disorientation, dizziness, somatic habituation, motion sickness, diminished cue utilization, depersonalization or unawareness mistakes.
Psychophysiological mechanismsand they can be elaborated in a fascinating waycould be applied to explain the symptomatology in most of these patients. It seems that they have similar phenomenology to that reported from other specific phobias (see Marks 1969) ; as a group their psychophysiology and psychometric scores were not characterized by abnormality, nor was there other evidence of generalized anxiety. However, many individuals displayed other types of psychopathology, particularly obsessionality or occasionally sociopathy. The presence of additional psychosocial stress was also noted frequently. Conclusions about the significance of this cannot be drawn until control subjects are studied. Nevertheless, these factors could well have lowered the threshold to development of anxiety, or altered the patient's tolerance and so started a vicious circle whereby re-exposure to the situation was accompanied by anxiety due to recall of the previous episode with striking clarity. Obsessional traitsover-attention to detail, tendency to ruminate, feeling of insecurity, indecisiveness, and ambition to exceed acceptable flying performancemust surely have produced accelerating feedback. Or alternatively in psychoanalytic terms, a variety ofinsults led to regression to an earlier stage of adjustment, such as before their flying training had achieved adaptation to unusual somatic sensation.
There is good evidence that such a vicious circle is beyond conscious control. Far from lacking in moral fibre, the majority of these patients displayed an amazing fortitude. If only the vicious circle could be broken, we could rely again on their integrity to be safe control-system operators.
Summary
The phenomenology of 14 trained aircrew with flying phobia is reported. The group comprised 11 pilots, 2 navigators and 1 steward whose age and experience ranged widely. Symptoms experienced included most psychic and somatic manifestations of anxiety, usually confined to flying or fantasies about it. Symptoms were frequently precipitated by flying with reduced visual cues or distinct traumatic episodes. Symptoms were often preceded and accompanied by psychosocial stress, such as sexual or marital problems. Obsessional or sociopathic traits were noted in the majority. Psychometric test scores and psychophysiological examination revealed that as a group the phobic aircrew were comparable with both healthy subjects or patients with other specific phobias. The relationship between the psychology and phvsiology of anxiety when flying is discussed. In a series of studies, Professor Gelder and his colleagues have demonstrated that desensitization (Wolpe 1958 ) is the most effective treatment currently available for patients with phobias specific to certain situations (see Gelder et al. 1967) . Marks (1969) pointed out that the addition ofpractical to ideational desensitization enhanced improvement, as did modelling and social reinforcement. Because it seemed likely that trained aircrew with flying phobia might be similar to those with other specific phobias, Goorney (1966) treated 5 patients by behaviour therapy, and 4 of them returned to flying. This paper is a report of the treatment giveln to 14 patients, whose phenomenology has just been described by Daly et al. (1970) . The prediction was confirmed that as a group they had similar psychological and physiological features of anxiety to patients with other specific phobias (see Marks 1969) . However, many had clear psychopathology and psychosocial difficulties, in the context of which their symptomatology could be more readily understood. The majority, like healthy aircrew (Reinhardt 1966), had obsessional traits with high tolerance of anxiety. Such a quality in moderate degree is a considerable asset to a proficient control-system operator. When mastery of anxiety is re-established, such aircrew should be worthy of confidence in their safety.
Psychiatric Inpatient Treatment
The patients were admitted for about six weeks to the Royal Edinburgh Hospital and were -intimately involved in the ward milieu. They interacted closely with the staff and other patients, and were productive in group discussions. Not infrequently, they enjoyed the role of ward leader, and sometimes felt they had acquired a sensitivity and knowledge of behaviour which later would serve them well.
Two psychiatrists, one with experience in aviation medicine, were involved in treating each patient. One took the role of behaviour therapist, concentrating on preparation of the hierarchy and carrying out the ideational desensitization. The other therapist was primarily concerned with ward management and individual psychotherapy.
